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Factors Influencing Apple Texture'?

By RoBerT C. WiLEY and G. E. STEMBRIDGE, University of
Maryland, College Park, Maryland ’

PROCESSORS of apple slices are constantly faced with difficulties

in producing a product of uniform texture. The slices may
range from a firm, excessively tough product to a soft, mushy one,
may show different wholeness characteristics, and may exhibit
various degrees of graining along the slice edge. These factors are
influenced primarily by the variety, maturity, and storage history
of the raw apple, as well as by in-plant processing techniques and
handling (8). The texture of the processed product is assumed to
be linked with that of the raw product; under standard processing
conditions, the difference between the two is the degree of firmness
or wholeness.

The textural problem is not one involving only the processor,
but is also of great importance to the grower and packing-house
operator. »

An apple-quality study (8) has shown that textural aspects of
processed apple slices accounted for about half of the quality grade.
In this work exhaustive studies of the pectic substances, which were
considered to be basically anhydrogalacturonic acids, did not account
to a very great degree for the variations in firmness and wholeness
of the slice. Kertesz (6) has reported little indication could be found
that the initial firmness in apples (at harvest) is directly related to
total pectin content or to the proportions of the various fractions.
He does indicate, however, that changes in firmness which occur
after harvest and during storage are probably related to pectic
substances. Wiley and Thompson (8) have shown a close association
between pectic substances and softening in storage for certain apple
varieties, but not for others. To further confuse the issue of soften-
ing in the apple, the presence of pectases in firm-ripe apples has
not been entirely confirmed (5). If pectic substances are principally
responsible for softening, these pectases must be present in even
the very immature apple.

- Evidence is accumulating then, that carbohydrates other than
pectic substances may play an important role in the initial firmness
of an apple variety at harvest, in changes that take place during
ripening in storage and in those changes that occur during thermal
processing. Amounts and proportions of these materials, as well
as their spatial arrangement in the cell wall, undoubtedly influence
texture. This study presupposes that the textural change that takes
place in the apple involves more than one of these substances.

Changes in texture during maturation and storage have historical-
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ly been considered to reside with the alcohol-insoluble solids (AIS),
the structural materials. The main component parts of the AIS,
which are starches, pectinic acids, hemicelluloses and cellulose,
have been related in this study to the firmness of the raw fruit
and the canned slices on both a fresh-weight and an AIS propor-
tionality basis to determine the importance of €ach component.
Statistical analyses were also used to ascertain the influence of each
component in conjunction with the others. This procedure should
indicate the substance or substances having the greatest influence
on apple texture. Some theoretical considerations of a proposed
starch-pectin-cellulose system involved in apple softening were
also investigated.

EXPERIMENTAL PROCEDURES

Fruit Harvest: Apples, 214-3 inches in diameter, of 3 varieties,
Golden Delicious, Stayman, and York Imperial were harvested at
4 stages of maturity starting September 15, 1959, and ending No-
vember 4, 1959. Two-bushel samples of each variety were processed
and analyzed in the laboratory immediately after harvest. Also,
each lot was removed from 84° F cold storage for processing and
analysis at periods corresponding to 25, 50, 75, and 100 per cent
of their average expected storage life (Table 1). Dates of harvest
and removal from storage are reported in Tables 2, 3, and 4.

Table 1—Description of cold storage conditions.

Variety Storage interval  Total storage period
between sampling ’
days days
Golden DeliCious. « o vvvvvinerrnnenneecsnnneeenans 26 104
SEAYMAN . . ¢ o cvaeeeenenanr s st ans 33 132
York Imperial. . . .vnovenene o 33 132

Pilot Plant Procedures: Apples which have been peeled, cored,
trimmed, and sliced were processed by the regular vacuum-steam
procedure and then canned as described by Wiley and Thompson
(8). Shear-press readings, expressed in pounds force, were made on
the raw slices (8).

LLABORATORY ANALYSES

AIS preparation and determination. At each sampling date,
500 gms. of 14 inch thick apple slices were dropped in 900 ml of
boiling 95% ethanol and held for 3 minutes. The alcohol was
decanted and the slices were blended in the Waring blendor at
15,000 rpm for 5 minutes in an additional 600 ml of ethanol. ‘The
mixture was brought up to 1000 ml, poured into tin cans and
sealed. Later, the contents of these cans were dried. Smaller aliquots
of this dried material were purified by boiling in 809% alcohol.
Per cent AIS of the fresh apple was determined on the basis of this
sugar-free sample.



Lo- 85S¢ $6'ST 9¥°6¥ LS°T2T €0°C s¥'o 86'0 124] S0°0 L6°1 Tttt rsumapy
0'c— 0s1 0Z'1¢ L9°9% [1%44 _— L¥'0 0L°0 €€°0 -_ 6¥'1 crrrtrereetegzcuefog,
§'Z— 891 86°6Z 0TSy 8'yC —_— 8¥'0 Lo 0v'0 _ 09°1 Trritirtrrtiog tdQg oL
§'Z— 891 9L'6T L2y L6'€T i 6¥°0 LLo 0¥'0 -_ 99°1 RS sl B
S0~ 902 0L°0¢ L0°8% €T'1C —_— 050 8.0 ¥e'0 —_ 29l cTTrirtttettt6 CAON O,
o+ Sie 1792 S¥'1S +8°1C -_— 0s°0 96°0 0 _— 98°'1 TTP1 00 paisaadey sy
61— SST 9962 8¢°9% 96'¢C _— 09°0 £€6°0 Ly -_— 10°C crrrrereeetergp uef oy,
€'l- L0¢ 66°9C 90°'4S S6'81 _— €5°0 L0°1L 8¢°0 —_ 86'1 RS A s S
8’1~ (1723 L2'82 90°09 L9'1T — 15°0 06'0 6€°0 _— 6L'1 TrittrttttttGZ AON O,
€'l- 861 €€°6T 20°0§ §9°02 _— 9$°0 96°0 0v°0 — 26°1 DIt tt6T WO oL
€0+ 9Ty 8L°81 9¢°CS SS°1T gL 144 Sit Ly'o 91'0 61T UG IO pAaseatey sy
L0~ 90T (4414 95°9% 145444 _— 9§°0 06°0 o -_— €6°1 crrorreereeccrg cuef o,
60— 61 L¥'9T 6L'8¥ YL'vC —_— 05°0 26°0 L¥'0 — 68°L Tttt R oL
60~ 061 16°L2 L8'SY 14514 06°0 §S°0 16°0 0$°0 €0°0 86°1 LoTTiiittrgL tAON O,
o+ 962 0€'cT 69°8% 1've 09'¥ 8%°0 $0°1 25°0 0l'o 14 %4 Jrtirrtti T4l 00 oL
L0+ 144 0s°61 €€°0§ Leie 06'8 %0 611 0S°0 €20 Le'Z g adog paisasrey sy
€0~ 454 €2°9C S¥'vS 2e61 _ €5°0 or'y 6€°0 _ 14U T AT AL
40— 26l St'¥e (4414 €€°9C — L¥'0 60 0s°0 — 161 Trirtrttrtrrpeqg oy
S0~ 1424 §8°'6T 0¥°0§ §S'7C 0z'L 150 00’1 S¥°0 20°0 86°1 DTIITTTTTIIG tAON O,
Lo+ 80¥ 0§'0T 2T°6v 81'€T 0L €70 ¥0°1 6¥°0 S0 |3 %4 e U6 PO oL
60+ 99§ ¥0'st 01°sS 9¢€°61 0s°ot S¥'0 §9°1 85°0 1€°0 66°C ***§1 1dag pasaasey sy
(oued) (92105 (3uad 1ad) (ua2 1ad) (3u0 xod) (u2d 1ad)  (3u9d xad) (1uoo 3od) (3uad sod) (1ued 1ad) (3udd aad)

ssouwar g spunod) $I5OTN[[D §950[N[[22 Tei0} §3YoJelg  SISO[N[[)  $ISO[N{[2D 1eio sayorelg sprjos

ssaxd-1eayg RuiEit] spe ~TWAEY spre . J[gnjosur a8eroig
B omunoag Jtunvdg 104001y
stseq QIV usd 13g siseq 14SMm ysarg

*(09-6G61) SsoUWLIY SNOPIdJ USP[OH) JO SIUDWIINSBIUL UO uoneinp 33erols pue Ajumew jo PIYT—'Z 21qv ]



€0+ 82¢ ¥6°2T SL'6Y 89°22 €9y 9°0 L0t 05°0 €10 9Ig  TrrrrrrrirerrUSUBIY
€ siz £6'0€ £2°6% ¥8°61 — Ly'0 SL°0 0£°0 — Lo s e oL
8'0~ €€2 95'1¢ 968y 8Y'61 T $5°0 $8'0 ¥€°0 — €11 vtttz ue[of
10+ 0z€¢ 12°12 1S $9°02 €01 050 760 8€°0 200 €81 i I1e 0 OL
I+ [ ¥5°0T LO'LYy 18'4C 85°L zr'o 960 05'0 S1°0 €0°T T tttctittC 0 AON OL
s+ oy 2891 82°2S 8€°81 (4K 4al] 0¢'l 8¢°0 1£°0 6v'c "' UIT PO pAAsAIEY sV
§°0- 914 0¥'82 0€°zs 0€’61 —_— 9%°0 ¥8°0 1€°0 — 1901 v ..au* oL
9°0~ ore L1LT TLYS 1181 —_— L'0 $6°0 z€°0 — pLL iitieeeglugfog
10— 5¢ ¥S'€T L9°6¥ 16°+C 981 €70 16°0 9%°0 £€0°0 P8I Tireritettr9]aq oL
6'0+ 09¢ €692 Y9y 84T 6v'y 15°0 £6°0 25°0 60°0 60T  ttcititttirgl AON OF,
€1t ¥ss 19°G1 0v'€S 88°61 1 Lv'0 091 65°0 £€°0 66T  "'UTI 190 pAIseAIey sV
Lo~ S€T z€'0¢ Ly 9v'22 —_— 85°0 060 €' — 9L L
S50~ 282 Li'Le Lyes 9€°61 — z5°0 €01 LE'O — 13 Y L) SN
20+ 892 9T Ve SL'ES 92°02 €L #°0 86°0 LE°0 £0°0 1230 Y Bt S
L+ ¥9¢ 1€°81 88°05 89'¢T elL 6£°0 601 15°0 S1°0 SL'g  crtiittttrg AON O
L+ 929 (I} LS°S¥ L5992 aLLY £€°0 0S°1 880 65°0 0¢'€  T777IT 0 pAsAIRY 5Y
8.0~ 1€2 0Tl L8'8F £6°€T —_— 64°0 68°0 €90 — 181 et ruefof
10+ 852 89'92 91'6¥ 9€°€2 08°0 50 00°1 840 20" ¥o'g ottt 8 990 OL
Lo+ 1443 Y992 05'Ly 9€'92 0s°1 99°0 68°0 6¥°0 £0°0 L8 crrtittttttrg tAON O,
1+ $95 0l ¥8'9% 5€'87 15°01 8€°0 ¥l SL'0 82°0 §9'  iittttitUeg 00 OL
91+ 1LS €L'6 85°0% 51°62 P5¥1 8€°0 C6L1 (AN 95°0 S8'¢ 61 dag parsaareysy
(pued) (92105 (3u?d 1ad) (3u20 a3d) (3uad 1ad) (uoo 1ad)  (3usd 19g) (3usd xad) (3usd xod) (1wed xod) (IuLd a2d)
SSQUELILY spunod) saso[n{ReD $350[N[[30 1e10) SaydIelg  SISO[N[[a) §ISOIN][D el soyoxelg spijos
ssaad-yeayg -Twapy spoe ~TWS sproe sqniosut 28ei0g
oTuUnOdg oTuUNI9g 1o4qoo1y
siseq QIV U 134 siseq 1ySrom ysoxg

(09-6561) Sseumly urwiel§ JO SIUDGWAINSEIW UO uoneinp aferols pue Ljuniewr Jo IIPT—E 2190 L



Ui+ LSS 1eoz 145849 86°61 89°g 250 ¥S'1 LS°0 0z0 €8°C Tt csuwapy
— 25¢ 05°9Z 08°¢S 0L'81 — LS°0 9z°1 040 —_— Sz Slitror aep o,
— 89% §6°62 1s°€g ¥$'91 -_— +9°0 14N S€°0 -— €1z R 11 .no.ﬂ oL
— V1§ sl'9z 16°¢S €0'81 16°1 19°0 92’1 [440) S0°0 14%4 Loliniireeee g melo]
— 2z9 20°1e 16°LS Y291 S0°g §6°0 1s°1 €40 €ro [4%4 Sl g e o]
— 29 86°¢€1 05°¢s €5°61 66°C1 SP'0 €L'1 €9°0 (A 4] vTe 117G "AON paissarey sy
L+ 09t €1'0¢ L2°0§ 09°61 — §9°0 80°1L [2 4} —_— [ 1%4 N 4 ...au\% oL
-+ 989 $6°92 09°1§ 1161 s¢'T §9°0 el 99°0 90°0 (&4 o 11itrgg tuefog,
80+ 9¢€§ 1192 SL'0S Sl'6l 66°¢ 6S°0 - SI €b°0 60°0 92T o [llllrge g ooy,
L1+ 059 SP'L1 €82S $6°2C 8L'9 8%°0 Sh'1 €9°0 61°0 vL'T T liigz taoN o,
0'z+ 00, 06°11 S1°9¢ 8L°L1 LIyl 6¥°0 [4%4 €L°0 65°0 €Ly 17722 PO pasoasey sy
L0+ ocy SS'vT 1444 €0'¢e — ¥5°0 SIL 15°0 — (x4 DGy .no.w. oL
S+ 00§ 90°12 16'vS L6°1Z 90T §6°0 'l 86°0 S0°0 29T e "'yl uef o,
€1+ 599 8¥°1C 62°LS 6¥'81 L' +¥5°0 SP'1 Lv°0 L0°0 €5°C e 11 "3q o,
01+ 80L r6l S€°LS L6'v1 928 65°0 €Ll S$°0 S2°0 10°¢ R L NN A
81+ vl or'g Ly'pS 0zez €Tyl S€°0 9¢°T 001 290 €e'y 178 PO parsaarey sy
1’0+ §S¢ €€°Ye §'6TS [ 44 — S6°0 oc'y 250 — LzC Diireeeeeg .n-o..m, oL
0+ (444 29°2e 6L°pS 62'1Z 0L'1 §6°0 (494 250 ¥0°0 1444 Lottty [ o]
60+ L0S 1991 ¥8'S§ €L1T 28's ve'0 9Ll St°0 (4 %1] L0°T Lollttiitiog tAoN o
I+ €09 8¢°01 Ly°9§ 81°cT L6'01 LEO 66°L 8L°0 6€°0 £5°¢ JLITiit 12 990 o
v+ 998 YA 6L'1S ©6lce SS°81 I+°0 98°C (4481 c0°1 (4] |7 6g dag paysaarey sy
—_—

(1oued) (2103 (3u2d 1ad) (3uv0 13d) (3u2o 1ad) (3u20 1ad) (u2 12d) (yuso a2d) (yued a2d) (qusd 1d)  (quso 13d)

ss>uwarg spunod) sasonyp) sas0[n[[ad [ei03 $aqorely  saso[npy saso[n{a0 [e101 sayourelg spIjos
ssaxd-aeayg ~Twoy spioe ~TWaEy spioe S[qnjosur afeio1g
dunoag omumnoag [oyoory
-_— e —_— e
SISeq STV U0 dog $158q 348rom ysoag

(09-6961) Ssouwty reradwy yr0x jo SiuSWaINSEaWw uo uonenp 281018 pue Lrmjew 30 ayg—4 apqv



Pectinic acid and cellulose determinations. A 0.5 gram sample
of AIS was held at 75° C in 30-35 ml of a solution containing 0.259,
ammonium oxalate and 0.25% oxalic acid to extract all pectic
substances. These samples were extracted 3 times with fresh solu-
tions, using 114-hour extraction periods. At the end of each extrac.
tion period the residues were filtered on a Buchner funnel through
nylon cloth (72 x 112 fibers per inch). The residue was washed
back into a beaker after each extraction, and after the last ex-
traction the residue was retained for the next analysis.

The combined filtrate of the 3 extractions was brought to the
phenophthalein end point (pH 8.1) with 20% NaOH and then
acidified with 5 ml of 109% HCI. The filtrate was then precipitated
with 200 ml of 95% ethanol and allowed to stand overnight. The

total pectinic acid content was determined colorimetrically by the

the residue at this point in the analysis.

The residue from the pectin extractions was then held in 30-35
ml of 339, chloral hydrate (2, 2, 2,~trichloro-1, I-ethanediol) for
16 hours at 75° C to remove starch. To insure complete removal
of starch, the residue from this extraction was washed with chloral

The remaining residue was then held in 30-85 ml of 109 KOH
for 16 hours at 75° G to solublize the remaining hemicelluloses.
A minute amount of Dow-Corning Antifomant A was added to
prevent foaming. The AIS fraction which was insoluble in hot
109% KOH was considered cellulose. It was separated from the
KOH solution by filtering on a weighed No. 1 filter paper, then
washed copiously with distilled water and dried overnight at 100°
C. This residue was then weighed and calculated as per cent

Starch Determinations. A separate 0.2 gm aliquot of the AIS was
used for starch determination. Starches were determined colori-

Starches were reported on a per cent AIS and per cent fresh weight
basis.
Hemicelluloses were determined by difference. ‘
Fats and coloring materials. These substanf:es were determined

Additional Experiments.
L. Starches in pectin precipitates were determined colorimetrically
using the method of Carter and Neubert (3).
2. Twenty-ml aliquots of pectinic acid precipitates which contained
10-40 mcg of starch were treated with 0.5 gms of clarase and



the regular galacturonic acid procedure (1).

Organoleptic Procedures. Canned slices of each sampling were
evaluated for firmness by a group of 20 judges from industry. They
used a 9 point scale as follows: +4 inedible, +3 much too firm,
+2 too firm, +1 slightly too firm, 0 jdeal firmness, —] slightly too
soft, —2 too soft, —3 much too soft, and —4 mushy.

RESULTS AND DISCUSSIOON

The results of the chemical analyses of the raw AIS, firmness of
raw slices measured by the shear-press, and firmness values assigned
by the panel to the canned slices are found in Tables 2, 8, and
4. Data for fats and pigments are not included since these sub-
stances amounted to only .042 per cent of the fresh weight of the
apple flesh.

On a fresh-weight basis all varieties showed a decrease in starches,
pectinic acids and hemicelluloses with increased maturity (harvests)
and longer Storage periods. Hemicelluloses were the largest part
of the AIS. Celluloses tended to increase with greater maturity
and longer storage periods (Figure 1). The average increase during
Storage was about " 25 per cent, although a harvest of Golden
Delicious, which was free of starch showed a decreasing trend. The
most pronounced changes in these constituents were found during
the first storage period.

Firmness differences among varieties appeared to be closely as-
sociated with gross amounts of AIS, j.e, starches, pectinic acids,
hemicelluloses and cellulose. York Imperial firmness ranges of
866-352 1bs force were associated with AIS values of 5.52 to 2.13
Per cent. Golden Delicious, a much softer variety, showed firmness
values ranging from 566 tq 150 1bs force, with AIS values of from
2.99 to 1.49 per cent. Stayman was intermediate in firmness. Apple
varieties can best be classified according to firmness on the basis of

relatively constant in proportion to the other components of the
AIS: 2) starches decreased rapidly; 8) cellulose increased as the
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Fig. 1. Cellulose changes by harvest and storage times.

apples matured and/or ripened in storage; and 4) hemicelluloses
made up about 50 per cent of the AIS.

On a proportionality basis, varietal differences in the AIS com-
ponents centered mainly in the starches and cellulose. The firmer
varieties had a higher proportion of starch and a lower proportion
of cellulose. The pectinic acids and hemicelluloses did not vary
significantly among varieties on an AIS proportionality basis.

‘RESULTS OF CORRELATIONS

The main emphasis of this study has been placed on determin-
ing the constituents or group of constituents which have the greatest
influence on softening within an apple variety.

The first step has been to relate the AIS on a per cent fresh
weight basis, to raw apple firmness (Table 5). The AIS values
accounted for 63.8 to 79.7 per cent of the variation in firmness.

Since AIS values per se did not account for all firmness differences,
the relationship of each fraction of the AIS to firmness was deter-
mined on both a fresh-weight and an AIS proportionality basis
(Table 5). On a fresh weight basis, the starches showed the highest
positive correlations with raw slice firmness and were considerably
higher than similar correlations using total AIS values. The com-
ponents of the AIS were then combined in a multiple regression,
accounting for 80-90 per cent of the firmness variations within
varieties. This was only a slight improvement over the correlation
between starch and firmness.

As per cent AIS, starches were -positively correlated and the
cellulose was negatively correlated with firmness. The combined



Table 5.—Correlation

coefficients between chemical constituents and raw slice

shear-press values.

Fresh weight basis

Per cent AIS basis

r R2 R r R2 R

Golden Delicious
Total AIS.............oovvuun... +.799 —_—
Starch.:........................ +.946 +.942
Pectinicacid..................... +.599 —.386
Hemicellulose.................... +.813 +.539
Cellulose. ....................... -.597 -.903
All combined.................... .909 .953 914 .956

Stayman

Total AIS....................... +.893 —_
Starch.......................... +.931 +.957
Pectinic acid +.821 +.555
Hemicellulo: +.867 —.349
Cellulose. . . -.755 —.957
All combined.................... .869 932 .939 1969

York Imperial
Total AIS....................... +.872 _—
Starch.......................... +.878 +.905
Pectinic acid..................... +.745 —-.033
Hemicellulose.................... +.868 +.209
Cellulose. ... .. -.516 ~.872
All combined. ................... .808 .899 .844 919

correlation of the individual components on an AIS proportionality
basis accounted for more of the variation in firmness than did
similar calculations on a per cent fresh-weight basis. A pronounced
negative correlation between firmness and cellulose undoubtedly
improved the correlation on an AIS proportionality basis. These
data indicate that softening of an apple variety during maturation
and ripening is more closely associated with the proportionality
of the starches, pectinic acids, hemicelluloses and cellulose of the
AIS than with fresh-weight values.

The partial regression coefficients expressed in per cent are
presented in Table 6. These data show that starches are closely
correlated with apple firmness.

Table 6—Relative importance of AIS constituents in terms of firmness.

Partial regression coéfficients expressed in per cent

Fresh weight basis Per cent AIS basis

Golden Delicious

68.2 48.5

8.8 6.4

16.1 16.5

6.9 28.6

Starch......... e 66.4 60.4
Pectinicacid.................. .. . ... 4.2 20.1
Hemicellulose.............................. 16.7 12.8
Cellulose. . ...t 12.8 6.8

York Imperial

Starch. ... i 48.3 43.1
Pectinicacid............................... 27.0 21.3
Hemicellulose.............................. 24.2 9.3
Cellulose. .. ... ... i, 0.5 26.3




THEORETICAL CONSIDERATIONS

Changes in starch, and perhaps cellulose, appear to be responsible
for the majority of the softening in the apple, both on the tree
and in storage. There is a negative correlation between starch and
cellulose. The initial softening is associated with starch decrease
and cellulose increase. Further softening is due to changes in pectinic
acids and hemicelluloses. These assumptions apply to apples picked
during commercial harvest and Processed before excessive storage.

It is possible that the accumulation of starch grains found in
early harvest apples lend firmness to the tissue. These grains are
soon dissipated from the apple tissue.

AppIrTIOoNAL EXPERIMENTS

Starch-like substances were closely associated with pectinic acids.
It was impossible to separate these starchy polyglucoses from the
pectinic acid precipitates with clarase, a starch-hydrolytic enzyme.
A colorimetric determination of starch-like substances in the pectin
precipitates gave values about one-fourth as great as those for total
starch. There was a higher amount of starch in the pectinic acid
precipitates of the early-harvest apples than in those of late-harvest.
The average percentage of the total starch which was associated
with the pectin precipitates is similar to that reported as the per-
centage of amylose in apple starch. The iodine reaction with these
starchy polyglucoses was deep blue, indicating that these substances
may be of the straight-chain amylose type.

The enzyme-treated samples of starchy precipitates of pectinic
acids showed little decrease in the blue color when given an iodine
test after 72 hours. Other pectinic acid precipitates known to
contain no starch, when mixed with soluble starches of the same
concentration, gave no color reaction with iodine after 6 hours of

these investigators found anhydroglucose units chemically united
with the anhydroxylose of lima bean pods and corn cobs. The
apparent invulnerability of this starch-like substance to starch
hydrolyzing enzymes indicates that it bears some similarity to pectic
substances.

Because of the apparent union between these starchy poly-
glucoses and pectinic acids, it was suspected that these substances
and perhaps a fraction of soluble starches could be hydrolyzed
into glucose by Pectinol 100D. A fraction of the soluble starches
appeared to be susceptible to hydrolysis by Pectinol 100D. However,
this action could be due to an unidentified enzyme, to a combina.
tion of the pectases in the Pectinol 100D or sulphuric acid hydroly-
sis. This is additional evidence that these starchy polyglucoses



STARCH-PECTIN-CELLULOSE SYSTEM

-These experiments have shown the possibility of an intermediate
substance between starches and ‘pectic materials, a straight chained
polyglucose, susceptible to pectase as well as amylase action. The
disappearance of this substance occurs during the principal soften-
ing period of the apple. As the starches were depleted in the apple,
there was an apparent increase in cellulose (Figure 1). The mech-
anism of cell wall thickening in apples may be related to starches.
It is possible that starch degradation products react with galac-
turonic acid, and are then condensed into cellulose. If this is the
case, starches supply glucose units, pectinic acids act as inter-
mediates, and cellulose is the end product. This process could
account for the initial and major part of the softening of the apple.
Hemicelluloses, which are rather constant in proportion to the
other substances, may also act as intermediates in this process,
particularly if the results of Carson and Maclay (2) are applicable
to apple hemicellulose.

PrACTICAL APPLICATIONS

The processor may determine the starch content which will give
the most desirable slice from the standpoint of firmness (Table
9-4, Figure 2). It appears that raw slices containing 0.05-0.1 per
cent starch on a fresh-weight basis or 5 per cent on an AIS pro-
portionality basis gives the most desirable quality slice.
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SuMMARY AND CONCLUSIONS

Firmneéss ranges among apple varieties were closely associated

with the amounts of AIS present at harvest and during storage.
All constituents of the AIS were higher in a “firm” type apple as
compared with a “soft” type on a fresh-weight basis. On an AIS -
proportionality basis the “firm” type contained a greater propor-
tion of starch and a smaller proportion of cellulose than the “soft”
type.
YI%/Vithin varieties softening of apples of varying maturity and
ripeness was due to a decrease in the total AIS, as well as to a
change in the proportions of the various components of the AIS.
Of these components, starches on a fresh-weight basis, and starches
and cellulose .on an AIS proportionality basis appeared to be the
most important factors governing softening.

Starch-like substances (polyglucoses) and pectinic acids were
intimately associatéd in the pectinic acid precipitates. It is assumed
that the same union occurs in the living tissues. These complexes
could not be separated completely with the use of starch hydrolyz-
ing enzymes, indicating a chemical rather than a physical union
between these substances. The average starchy polyglucose content
of these pectinic acid precipitates was about one-fourth of the
starch content present in the total AIS. This percentage corresponds
rather closely with the amylose content of apple starch. The pres-
ence of these substances was particularly pronounced during the
primary softening phase of the raw apple.

Since starches and/or starch-like substances may cause interfer-
ence in the colorimetric determination of galacturonic acid, they
should be removed as completely as possible prior to analysis.

Correlation coefficients between starches and cellulose, particu-
larly on an AIS proportionality basis, were —0.9 or higher among
varieties. As starches decreased in proportion, celluloses increased,
indicating a link between these substances.

The starchy polyglucose-pectinic acid association and the AIS
proportionality relationship between starches and cellulose would
indicate a possible pathway by which highly insoluble wall thicken-
ings may be produced. During the transition of these substances,
the greatest amount and rate of softening in the raw apple takes
place; secondary softening at lower rates is due to changes in the
pectinic acids and hemicelluloses.

The determination of the firmness of processed apple slices by
measurement of starches in the raw slices may be feasible. This can
be done colorimetrically and would include the starches in starch
granules, as well as the starchy polyglucoses in the cell walls. Raw
slices with 0.05-0.19 starch on a fresh-weight basis or 5% on an .
AIS proportionality basis will yield a product of optimum firm-
ness. Apple slices with greater amounts of starch were tough and
rubbery, while those which had no measurable amount of starch
were soft. These relationships were very consistent among varieties,



as optimum textured slices (including firmness and wholeness) for
all varieties were those processed just as the starches were dissipated
from the tissues.
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